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ABSTRACT

Erythromycin (ERY) is a macrolide antibiotic thashsimilar antimicrobial spectrum to penicillin ariidis many
used, particular in the treatment of patients whe allergic to penicillin. A simple, efficient arodw-cost method
based on matrix solid-phase dispersion (MSPD) n@gt@ction was developed for the determination of
erythromycin in environmental samples. In this wé&O, nanoparticles were adsorbents and spectrophotametr
methods have been developed and validated foisthation and pre-concentration of erythromycinrfoaquatic.
The experimental conditions for the extraction,luding FeO, nanoparticle dosage, amount of the salt, the
extraction time, and pH were investigated and ojzéh. Under the optimized conditions, a linear rargf 10 -
50000pgL with R = 0.9551 and detection limit of 17 pg'lwere obtained for target analyte. The method was
successfully used for the extraction of ERY fromeags samples with relative recoveries amount o8 94
(RSDs =4.4). These results corroborate that thishaoe is low cost, conveniently fast and prepar@aldé results in
order to be used in detection of erythromycin frempeous samples.
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INTRODUCTION

Erythromycin, produced by Saccharopolyspora erghréformely known as Streptomyces erythraesus)nguri
fermentation process, is abroad_spectrum macralitibiotic consisting of 14 membered lactone ringhvten
asymmetric centers and two sugar molecules (Ltzti and D-desoamine). In fermentation processraeve
related substances of erythromycin can beformedenEthough erythromycin A is the main component of
commercially available erythromycin, some strudtyrand chemically similar analogs, especially brgimycin B
and erythromycin C, are presented in small amolw4]

The structures of erythromycin A and its relatedssances are shown in Fig. 1. Up to now, there baen various
methods reported for the determination of erythromyn different sources by several methods ineigdhigh-
performance liquid chromatography [5-7], liquid @matography—mass spectroscopy [8-10], liquid
chromatography—-tandem mass spectroscopy [11-14jillacg electrophoresis chromatography [15,16], rnea
infrared reflectance spectroscopy [17], ultraviolfl8] and electrochemical detection [19-21]. Altlgh these
analysis methods are successfully applicable fgthesmycin, some of these methods are also coniptlica
expensive, time consuming and laborious [3,21].réfoee , it is necessary for us to find a simplay Icost,
selective and quick response method which servas a#ternative detection method for erythromycin.
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Fig. 1. The structures of erythromycin and relatedsubstances

The application of nanomaterials to solve environtaleproblems has received significant attentioneicent years.
One of the most interesting and promising fieldsthie research on metal-oxide nanoparticles. magneti
nanoparticles have shown great potential for maaryotechnology applications, including effective @tients for
removal of undesirable contaminants in water treatn22]. This nano-adsorbent has a high surface areaaand
small particle size. Especially, the superior maéignproperty of these adsorbents makes them to itn@lys
recovered by magnetic separation after adsorptioregeneration, which overcomes the drawback ofrsgion
difficulty of usual adsorbents2f]. The application of magnetic nanoparticles as aalsorbent has received
considerable attention in recent yea2d4-{27. There are many methods to prepare Fe304 nancparsuch as
energy milling [28], reducing [29], ultrasonic aged impregnation [30], Co-precipitation [31] medhand using
Tridax procumbens leaf extract [32].

This current study is the applicability of solidgse micro extraction using & nanoparticles as sorbent for the
preconcentration of ERY aqueous samples followirartsubsequent quantification with spectrophotoynet

MATERIALS AND METHODS

Experimental

All absorption spectra were carried out using shimiarecording spectrophotometer UV 160 equipped wit
matched 1-cm quartz cells. The ultrasonic proaesggparatus model UP-100H (Hielscher-Germany) veas uT he
FT-IR instrument that was utilized for recording tinfrared spectrum was M-500 Fast-Scan IR speetteniBuck
Scientific, East Norwalk, CT 06855, USA). The tramssion electron microscopic analysis that used avdgol
2010 insturment with an accelerating voltage of X80 X-ray powder diffraction patterns of the prats were
recorded on a Shimadzu XRD-6000 x-ray diffractomatea scanning rate of 0.05°& the 2h range from 10 to 80°
with high-intensity CuK radiation (u=0.154178 nm).

Reagents

Analytical reagent grade chemicals and deionizetbwaere used. Standard stock solution of ERY10@0Lthin
methanol was prepared. this solution was kept iefagerator. Working solutions of lower concenibas were
prepared daily by appropriate dilution of the stmddsolution in deionized water.

Synthesis of FgO, nanopatrticles

The magnetic F©, NPs were prepared by the chemical co-precipitatiethod. Briefly, 10.3 g of FegiH20, 4.1

g FeC}-4H,0, and 1.5 mL HCI (conc.) were dissolved in 30 mdtev under a N2 stream. This solution was added
drop-wise into 250 mL of sodium hydroxide (1.8 Mjder a nitrogen atmosphere and vigorously stiroedt® min.
The resulting black precipitate was separated withagnet and washed several times with degassed; itatvas
stored in 500 mL degassed water under a nitrogensghere.
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u-SPE procedures

For this purpose, 10 mg &, nanoparticles were added to 10 ml solution of 2LiigERY and was mixed on a
shaker by a definite rate. The solution was camggtl for 5 minutes in 5000 rpm. In this step, thaaparticles was
deposited and the tap solution were removed. Th&m® of methanol was added to;Bg nanoparticles, after
mixing and centrifuging (5000 rpm, 5 min), the oparticles was deposited and the enriched methaframalysis

were transferred to the spectrophotometric celle Blasorbance before and after adsorption of the ERNe
measured.

Pre-concentrate factor s\
A; and A are the adsorption before and after extractiopaetsvely.

RESULTS AND DISCUSSION
Absorption and FT-IR spectrums of erythromycin

Fig. 2 shows the UV-VIS FT-IR spectrums of erythgmin (30 mg.L* in methanol). The characteristic bands can
be observedOH at3473.97 cm—landC=0at1732.50 cmi ™.
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Fig. 2: FT-IR (a) and UV-VIS (b) spectrums of erythhromycin
The absorption spectra of the erythromycin has maxnum absorbance at 228 nm.
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Fig. 3: FT-IR spectrum of FeO4 nanoparticles
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FT-IR spectrum and characterization of FgO,4 nanoparticles

Fig. 3 has shown the FT-IR spectra of@gnanoparticles. The broad feature in the range(3,3221 cm-1 was
due to O—H stretch (m1), which corresponds to tpardxyl groups attached by the hydrogen bonds ¢oitthn
oxide surface, and also the water molecules chdisnmdsorbed to the magnetic particle surface . ffaesmittance
waveband from 636 to 574 cm-1, which correspondhdéometal-oxygen bonds, is considered as an itolicaf
the ferrite formation.

The morphology of the product is examined by trdesion electron microscopy (TEM) images of;®Gg
nanostructures (fig. 4), the average particle sza&bout 25 nm, according with the calculated vakiRD pattern
has shown in fig 5. The diffraction peaks can b&igaed to the planes of inverse cubic spinel strect FgO,
(JCPDS no. 19-0629). broad peaks indicate the mgstatline nature of the prepared MoO2salpr/SCMNPs.

Fig. 4: TEM image of the FeO,4 nanoparticles
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Fig. 5. XRD pattern of FeO4 nanoparticles
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Fig. 6: Effect of amount of FgO4 nanoparticles on extraction efficiency of ERY. Exprimental conditions: pH 8.0; initial ERY
concentrations of 2.0 mg [%; extraction time of 5 min and percent of NaCl 10%w/v.

Effect of magnetic nanoparticle amount
The pre-concentration factor of ERY on:Bg nanoprticles was studied at different adsorberduanh (5.0-20 mg),
ERY concentration of 2 mgt, pH 8.0 and agitation time was 5 min. Figursh®ws that by increasing the amount
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of adsorbent up to 10.0 mg, the adsorption of ERdteased. This could be explained by this fact thate
adsorbent became available for adsorbing the ER¥autes. Further addition of the adsorbent did st@w any
significant change in Concentrate factor of ERYu3,h10.0 mg of the nanoparticles was chosen asghimum
amount for performing the following steps of thdiojization procedure.

Effect of pH of aqueous sample

The pH of sample solution could affect the ext@ttfficiency of target analytes and be consideiseen important
parameter in the p-SPE procedure. the effect opkapH was optimized over the range of 3-10 by rgldhe
appropriate hydrochloric acid or sodium hydroxidduson to aqueous samples. The best extractionieficies
were obtained when the PH was 8. In the pH abolwelmw than 8, the extraction efficiency decreasguidly.

In acidic medium — which is presented in the stdmacerythromycin is unstable, forming degradatioadpicts
which exhibit lower antimicrobial activity [34,35]Erythromycin A is relatively stable in the pH genbetween 4
and 10 (with degradation of less than 5% in theiliation period of 48 hours), while at pH3.0 degradation is
rapid with pseudo-first order rate constants 062310" and 1.30 x 18min-" for pH 2.0 and pH 3.0, respectively
[36]. As a result, pH 8 was adopted as the optithinesubsequent experiments (fig 7).
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Fig. 7: Effect of pH of ERY solutions on extractionefficiency of ERY. Experimental conditions: FeO, emount of 10.0 mg; initial ERY
concentrations of 2.0 mg [*; extraction time of 5 min and percent of NaCl 186 w/v

concentrate factor

Effect of extraction time

The extraction time has a significant impact onektraction efficiency of tested analytes. As isWimg to all, the
sample needs to be completely dispersed in therlaelso Hence, different extraction times (2 to 2h)nwere
evaluated in this study (fig 8). The extractioni@éncy of the target analytes were obviously eckdnon the whole
with the increase of the extraction time in 5 ni\Mfter this time the peak of the test compounds desreased. The
cause for this phenomenon may be that the compéetiedction equilibrium of target analytes in admomt might be
reached in 5 min. Accordingly, 5 min was selectedh@ optimum extraction time.
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Fig. 8: Effect of extraction time on extraction eficiency of ERY, Experimental conditions: FgO, amount of 10.0 mg; initial ERY
concentrations of 2.0 mg [; pH 8.0 and percent of NaCl 10% w/v

Effect of temperature

The effect of temperature on the extraction of Esfution was investigated at pH 8.0 while a extoactime of
5.0 min was performed. The results showed thaexteaction efficiency of the ERY as a function efrperature in
the range of 25-60° C was not significantly affeldby temperature.

Effect of salt in aqueous sample

According som researchers, the addition of sathéosamples has been advantageouse for the estradficiency
of many compounds in SPME (37). Therefore, inflgen€ salt addition in the range 0-20 % (w/v) of Na@s
considered on extraction efficiency of the ERY. Teeults are demonstrated in Fig 9. The extraatificiency
increased for ERY at salt concentration below 108v), resulting, presumably, from the salting-outeet.

However, apart from the salting-out effect, thespreee of salt can change the physical properti¢gseoéxtraction
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film in the interface of aqueous feed solution aondbent. It may lead to change of the aqueousigctivefficient
of analytes, thus increasing the diffusion rateshef analytes into the sorbent. The extractiorciefficy decreased
slightly for solution with 15% (w/v) salt. Somewhairprisingly, extraction efficiency decreased witbreasing salt
concentration for ERY. The effect of NaCl on thdragtion of ERY is probably due to salting-out effewhich
decreases the solubility of the analytes and thaases their partition [38] into absorbent. &ather extractions
were carried out at addition of 15% (w/v) salt.
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o
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Fig. 9: Effect of NaCl percent on concentrate factoof ERY. Experimental conditions: Fe;O, amount of 10.0 mg; initial ERY
concentrations of 2.0 mg [%;pH 8.0 and extraction time of 5.0 min

Calibration curve and real samples analysis

Under the selected experimental conditions (pHe8OFamount of 10.0 mg , extraction time of 5.0 min;geat of
NaCl 10% wi/v) the erythromycin concentration vaneith different concentrations. The linear deperuiles were
established between the slopes of the adsorptivesand the erythromycin concentration (fig 1pHhcability of
the purposed method to real samples was appriseekiogction and determination of spiked ERY in tagter
(dezfulcity, Iran) as reported in Table 1.
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Fig. 10: Calibration curve constructed at 228 nm

Table 1: Relative recovery results for spiked ERYn water samples (n = 3)

Sample | Added | Found | RelativeRecovery | RSD %
(mg/l) | (mg/l) % (n=3)

Tap water 0 ND - -
3 14.50 95.5 2.27
12 25.96 105.35 141

T not detected
CONCLUSION

It is distinct from the data obtained in this resbathat FgO, nanoparticles are adsorbents for ERY antibiotics i
water sample. Treatment of § nanoparticles and the extraction and determinaifathe ERY in water samples
were investigated. This present method is a fasty evasy and inexpensive one that does not neec:spscial
equipment and can be used in every laboratories.

This method can be used in environmental pollutimmtrol organizations, pharmacy companies and caini
diagnosis laboratories.
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